Deprivation indices have been widely used to evaluate neighborhood socioeconomic status and therefore examine individuals within their regional context. Although some studies on the development of deprivation indices were conducted in Korea, additional research is needed to construct a more valid and reliable deprivation index. Therefore, a new deprivation index, named the K index, was constructed using principal component analysis. This index was compared with the Carstairs, Townsend and Choi indices. A possible association between infant death and deprivation was explored using the K index. The K index had a higher correlation with the infant mortality rate than did the other three indices. The regional deprivation quintiles were unequally distributed throughout the country. Despite the overall trend of gradually decreasing infant mortality rates, inequalities in infant deaths according to the deprivation quintiles persisted and widened. Despite its significance, the regional deprivation variable had a smaller effect on infant deaths than did individual variables. The K index functions as a deprivation index, and we may use this index to estimate the regional socioeconomic status in Korea. We found that inequalities in infant deaths according to the time trend persisted. To reduce the health inequalities among infants in Korea, regional deprivation should be considered.
INTRODUCTION
The deprivation index is one of the methods used to estimate the socioeconomic status of an area, and it is inversely related to infant mortality (1, 2) . Although the overall infant mortality rate has gradually decreased, inequalities in infant deaths persist (3) (4) (5) . In particular, several articles demonstrated that the regional deprivation index is associated with the infant mortality rate. Singh et al. (6) demonstrated that the interquintile differences in infant mortality rate increased from 1969 to 2000 in the United States.
Many early studies on the deprivation index focused on two deprivation indices. The first index was developed by Carstairs and Morris (7) , and the second index was created by Townsend (8) in the UK Carstairs and Morris constructed a deprivation index based on male unemployment, overcrowding, lack of a car and low social class by averaging each normalized z score with the same weight (7) . Townsend used a similar approach but replaced the low social class variable with a homeownership variable (8) . Subsequently, other methods that used the statistical analysis tool of principal component analysis (PCA) were developed in different countries, namely, New Zealand (9), Italy (10), the USA (11) , and France (12) . Pampalon and Raymond (13) conducted PCA using 6 socioeconomic indicators and reduced these indicators to 2 factors. The first and second factors were represented as material and social components, respectively.
In Korea, a few studies were conducted using either the Carstairs method (14) (15) (16) (17) or the PCA method. Choi et al. (18) constructed a deprivation index by summing the z scores of 11 socioeconomic variables. However, we constructed a deprivation index by weighting each variable's loadings (component score coefficients) resulting from PCA.
Studies constructing a deprivation index by using PCA have recently been conducted in Korea. Therefore, additional research is needed to construct a more valid and reliable deprivation index. In addition, determining a possible association between deprivation (in regards to the neighborhood's material insufficiency and social position) and infant death is crucial to estimating infants' health status. Therefore, the current study is quite timely.
The objectives of our study were as follows. First, we constructed a new index based on the Korean context using PCA. Second, we evaluated the validity and reliability of the new deprivation index. Third, we investigated the relationship between deprivation and infant deaths.
569
http://dx.doi.org/10.3346/jkms.2016.31. 4 .568
MATERIALS AND METHODS

Study population
To analyze infant deaths, retrospective birth cohort data were used. The cohort data consisted of all infants born from 1995 to 2008 in Korea (7, 810 ,689 cases). The data included birth record variables (sex, gestational age, baby weight, birth date, birth place, parental age, parental education, and parental occupation) and death record variables (death date, age at death, and cause of death). The birth cohort was constructed by linking the birth and death registration record data sets using the individual identification numbers. Cases with missing values on the parental education and occupation variables were deleted (25, 885 cases; 0.33%). Finally, there were 7,784,804 births cases and 7,569,378.5 person-years. There were 14,772 infant deaths. The birth cohort data were obtained from the Korean National Statistics Office.
Variables
Using the birth cohort data, we categorized the parents' ages into the following ranges: < 20, 20-24, 25-29, 30-34, 35-39, and ≥ 40 years. The parents' education was grouped into the following categories: ≥ university ( ≥ 13 years), high school (10-12 years) and ≤ middle school ( ≤ 9 years). Parents' occupation was classified into non-manual occupation (legislators and managers, professionals, and technicians and clerks), manual occupation (service and sales workers, agricultural workers, crafts, machine operators and assemblers, and laborers) and economically inactive status (students and housewives). Gestational age was categorized into the following ranges: < 36, 36-37, 37-38, 38-39, 39-40, 40-41, 41-42, and ≥ 42 weeks. The infants' birthweight was grouped into the following categories: < 2,000, 2,000-2,500, 2,500-3,000, 3,000-3,500, 3,500-4,000, and ≥ 4,000 grams.
The composition of the regional variable in the 1995-2008 birth cohort data and the 2000 population census data differed. In Korea, administrative regions were re-numbered, subdivided into smaller regions or grouped into larger regions from 1995 to 2008. The regional variable included 282 regions in the birth cohort data and 246 in the census data. Due to the differing compositions of the regional variable, the variable was rearranged into the following 242 regions: Seoul (25 regions), Busan (16 regions), Daegu (8 regions), Incheon (10 regions), Gwangju (5 regions), Daejeon (5 regions), Ulsan (4 regions), Gyeonggi (38 regions), Gangwon (18 regions), North Chungcheong (13 regions), South Chungcheong (15 regions), North Jeolla (15 regions), South Jeolla (22 regions), North Gyeongsang (24 regions), South Gyeongsang (20 regions), and Jeju (4 regions).
Constructing the deprivation index
To construct the deprivation index, we used 10% of the 2000 population census data. The census data (4,845,543 cases) were constructed by linking population (4,845,543 cases) and housing and household data (1,433,342 cases) using household identification numbers. The total population was estimated by using weighting variables for 10% of the population data. The census data included population variables (age, sex, education, occupation, and relationship between households), social variables (employment status and marriage), and housing and household variables (type of household, number of persons in a household, number of rooms, number of cars, and housing area). The census data were obtained from the Korean National Statistics Office.
We conducted PCA by varimax rotation using 8 socioeconomic indicators (male unemployment, low social class, overcrowding, lack of a car, marriage, single-parent family, elderly people and low level of education) from the 2000 population census data. Four of these variables (male unemployment, low social class, overcrowding and lack of a car) were used in the Carstairs index. The other four variables (marriage, single-parent family, elderly people and low level of education) are important indicators for evaluating regional deprivation in the context of Korea. The proportion of elderly people increases according to the population pyramid (19) . Although family and marriage have important meaning in Korea, the divorce rate and proportion of single-parent families have increased (20) . Parents are dedicated to their children's education (education fever), and private education costs are high in Korea (21) . Therefore, these variables are important in the context of Korea. We also considered variables that are commonly used in articles that construct a deprivation index (10, 22) . The eight variables were normalized into z scores with a mean of 0 and variance of 1. The new index, which was constructed using PCA, was named the K index. The PCA method used in the current study followed an approach that is similar to that employed in an article by Pampalon et al. (22) , in which PCA was performed using 6 socioeconomic indicators, which were reduced to two factors. The two factors corresponded to material and social components. We conducted PCA by modifying the socioeconomic indicators to match the Korean context and using variables that are common worldwide. As the Kaiser-Meyer-Olkin (KMO) value approaches one, more of the total variance is explained by the factors and sampling becomes more adequate. Bartlett's test of sphericity evaluates the variables' correlations with each other. If the null hypothesis is rejected, the variables are strongly correlated and the sampling is adequate.
We categorized the K index into five quintiles (Q1, 0%-20%; Q2, 20%-40%; Q3, 40%-60%; Q4, 60%-80%; Q5, 80%-100%) by weighting the population. The effect of deprivation was estimated by comparing the five quintiles. The Carstairs and Townsend indices were constructed by averaging the four normalized z scores. The deprivation index developed by Choi et al. (18) ables rather than the original 11 variables because one variable (Poor housing environment) is described too vaguely to be calculated. We call this index the Choi index.
Data analysis estimating the association between deprivation and infant death
We applied deprivation indices that were constructed from a 2000 population census to the 1995-2008 birth cohort data using a regional variable. Scatter plots correlating the K, Carstairs, Townsend and Choi indices with the infant mortality rate were graphed. Using Pearson's correlation analysis, we correlated these indices with the infant mortality rate to confirm the validity. Reliability was evaluated using Cronbach's alpha values, which represent internal consistency.
We calculated the infant mortality rate, incidence density and univariable hazard ratios according to several sociodemographic variables. To determine the distribution of the quintiles, a 100% population cumulative graph of the major cities and provinces was created. To determine the trend for inequalities in infant deaths, the infant mortality rate and hazard ratios were graphed in 2-year intervals from 1995 to 2008 according to the deprivation quintiles.
For the survival analysis, the birth cohort data were utilized as follows. The start of the cohort study was January 1, 1995, and the end was December 31, 2008. The events in the survival analysis were defined as infant deaths, which were deaths before 356 days from the infants' births ( < 356 days). Infant deaths occurring after 365 days were not counted as events. Survival time was calculated as the time from the birth date to the death date or the termination of the study (before 356 days from birth). The survival time of the babies living longer than 365 days was 1 year.
To determine the effects of individual-and regional-level variables, a survival analysis (frailty model) for infant deaths was conducted. Model 1 was the default model with regional random effects. Model 2 also included the sex, gestational age and birth weight variables. Model 3 included the sex, gestational age, birth weight, parental education, and parental occupation variables. Model 4 included the sex, gestational age, birth weight, parental education, parental occupation and K index variables. A likelihood ratio test (LRT) of the models was conducted to select the best-fitting model. We conducted multilevel survival analysis following the method used in Juhn et al. (23) .
To evaluate the interactive effects between deprivation quintiles (Q1 and Q5; the least and most deprived) and socioeconomic variables, such as parental education and occupation, we used the Cox proportional hazard model for survival analysis.
The PCA and scatter plots were conducted using SPSS (Ver. 21, IBM Inc., Chicago, IL, USA). Survival analysis, tabulation and calculations were conducted using SAS (ver. 9.4, SAS Inc., Cary, NC, USA). The significance level was established as 0.05 throughout the study.
Ethics statement
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RESULTS
Constructing deprivation indices
The definitions of the socioeconomic variables and the results of PCA are shown in Table 1 . Eight socioeconomic variables were reduced to two factors. Factor 1 was highly correlated with 6 variables (marriage, lack of car, single family, elderly people, low level of education, and low social class). Factor 2 was correlated with 2 variables (overcrowding and male unemployment). Factor 1 represented a social component, and factor 2 represented a material component. The eigenvalues of factors 1 and 2 were 5.138 and 1.726, respectively. Factor 1 explained 64.2% of the total variance, and factor 2 explained 21.6%. We defined the first factor as the K index, which explained the largest portion of the total variance. The PCA's KMO value was 0.827. The result of a Bartlett's chi-square test was statistically significant (P < 0.001) ( Table 1) .
Validity and reliability
To confirm the validity of the deprivation indices, we created scatter plots correlating the K, Carstairs, Townsend and Choi indices with the infant mortality rate for the 242 regions, as shown in Fig. 1 . The K, Carstairs and Choi indices were positively correlated with the infant mortality rate, but the Townsend index had a negative correlation. The Pearson's correlation coefficient Cronbach's alphas of the K and Choi indices were 0.973 and 0.825, respectively. The Cronbach's alpha values for the Carstairs and Townsend indices were within the range considered unreliable (0.161 and -1.426, respectively). The K index displayed greater validity and reliability than the other indices (Fig. 1) . Table 2 presents the regional characteristics of the 16 major cities and provinces in Korea. Metropolitan areas, including Seoul and Gyeonggi, showed low percentages of old people and low levels of social class. The metropolitan areas displayed a negative excess infant mortality rate (-0.32 and -0.10 deaths per 1,000 births) and a negative average value on the K index (-0.591 and -0.946). The metropolitan regions were urban areas with expensive house prices, high costs of living and better regional accessibility to health and medical care. The population living in the metropolitan regions was younger and better able to afford medical expenditures than those in the local provinces. By contrast, North Jeolla, South Jeolla and North Gyeongsang showed high percentages of old people and low levels of social class. These local provinces displayed a positive excess infant mortality rate (0.40, 0.37, and 0.37) and positive average value on the K index (0.746, 1.045, and 0.704). The local provinces were areas with cheap house prices, low costs of living cost and poor regional accessibility to health and medical care. Agricultural workers and the old people tended to live in the local provinces rather than the metropolitan areas. Overall, the regions with a higher excess mortality rate showed a higher level of deprivation. The K index reflected the change in the excess infant mortality rate and can be used as an indicator of infant death. We claim that the K index has sociocultural meaning in Korea.
Differences in infant mortality rate, incidence density and hazard ratio according to deprivation quintiles The average infant mortality rate and incidence density were 1.90 (95% confidence interval (CI): 1.87-1.93) per 1,000 births and 19.52 (95% CI: 19.20-19.83) per 10,000 person-years, respectively. The univariable hazard ratio of the most deprived quintile (Q5; fifth quintile) of the K index was 1.261 (95% CI: 1.199-1.326). The infant mortality rate, incidence density and univariable hazard ratios increased for the most deprived quintiles (Q5), male babies, gestational age of < 36 weeks, birth weight of < 2,500 g, parents' age < 20 years, parents' education ≤ middle school, and parents' manual occupation ( Table 3) .
The distribution of regional deprivation quintiles throughout Korea is shown in Fig. 2 . The less deprived areas (Q1 and Q2; first and second quintiles) were more commonly found in metropolitan regions, such as Seoul, Gyeonggi, and Incheon. Additionally, the more deprived areas (Q4 and Q5; fourth and fifth quintiles) were more often distributed in the non-metropolitan regions, such as South Jeolla, North Gyeongsang, and South Gyeongsang. The compositions of the deprivation quintiles were distributed unequally throughout the nation (Fig. 2) .
Time trends for the infant mortality rate and hazard ratio ac- cording to deprivation quintiles are presented in Fig. 3 . The overall trend for the infant mortality rate was a gradual decrease over time from 1995 to 2008. However, inequalities in the infant mortality rate according to the deprivation quintiles persisted at each 2-year interval. The most deprived quintiles (Q5) generally had the highest infant mortality rate. The hazard ratios for infant deaths of the most deprived quintiles (Q5) generally increased with time compared with those of the least deprived quintiles (Q1) in the K index (Fig. 3) .
Multilevel survival analysis of infant deaths
To determine the effects of individual-and regional-level variables on infant death, the frailty model of the multilevel survival analysis was conducted, as shown in Table 4 . The covariance of regional random effects was 0.0325 (standard error: 0.0050) in model 1. In model 2, the covariance slightly decreased (2.8%) compared with model 1. The likelihood ratio test (LRT) of models 1 and 2 was significant (P < 0.001). After the parental education and occupation variables were added in model 3, the cova- Time trend for the hazard ratios of infant deaths according to the deprivation quintiles. Q1, the least deprived quintiles; Q5, the most deprived quintiles; the reference value of the hazard ratio was 1.000 at the Q1 for the K index.
Infant mortality rate (per 1,000 births) 1 9 9 5 -1 9 9 6 1 9 9 7 -1 9 9 8 1 9 9 9 -2 0 0 0 The LRT of models 3 and 4 was not significant (P = 0.168). Model 3, which included individual variables but no regional variables, had greater explanatory power for the risk of infant death than did model 4, which included both individual and regional variables. Despite its significance, the regional deprivation variable had less of an effect on infant deaths than the individual variables, such as parental education and occupation (Table 4) . There were interactive effects between the deprivation quintiles (Q1 and Q5) and socioeconomic variables, such as parental education and occupation. The risk of infant deaths increased when higher regional deprivation was combined with lower parental education or with manual occupation (Table 5) .
DISCUSSION
The main conclusions of our study are described as follows. We constructed the K index using PCA tailored to the context of Korea. The K index functioned as the deprivation index estimating the regional socioeconomic status, and the validity and reliability of the index were confirmed. Although the infant mortality rate generally decreased over time from 1995 to 2008 in Korea, inequalities according to the deprivation quintiles persisted. We found that the regional deprivation variables were important factors in infant deaths. Despite its significance, the regional deprivation variable made less of a contribution to infant death than did individual variables such as the infants' sex, gestational age, and weight and the parents' age, education and occupation. Our study demonstrated that regional deprivation was associated with the infant mortality rate. These results are similar to those found in several previous studies. Guildea et al. (24) showed that as the deprivation score increased (deprivation became more severe), the infant mortality rate increased. Singh and Kogan (25) demonstrated that the inequalities in the patterns of infant mortality according to the deprivation quintiles were consistent over the past three decades in the US.
Several articles demonstrated that the infant mortality rate was associated with socioeconomic status. Finch (2) demonstrated that the infant mortality rate was inversely related to income. Leon et al. (26) showed that the risk of infant mortality in the lower social classes was higher than that in the higher social classes. Arntzen et al. (27) demonstrated that there was a higher rate of mortality among infants with parents with a low level of education. Our study showed that the risk of infant death increased when the parents had less than a middle school level of education and manual occupations. Socioeconomic status was an important factor in estimating infant deaths using the deprivation index.
According to our results, regional deprivation was an important factor in estimating infant deaths. However, the regional deprivation variable made less of a contribution to infant death than did the individual variables. These results are similar to those presented in several previous studies. Calling et al. (28) demonstrated that a high level of neighborhood deprivation is associated with high infant mortality rates. However, after adjusting for individual socioeconomic variables, neighborhood deprivation was no longer statistically significant; thus, the individual-level variables were important than the communitylevel variables in explaining infant mortality. Adedini et al. (29) also demonstrated that individual-level variables were more important than community-level variables in explaining infant mortality. However, community-level variables were more important than individual-level variables in explaining child mortality. Adedini et al. (29) deduced that the interaction between the child and the community environment was likely to be greater in childhood (12-59 months) than in infancy ( < 12 months).
We deduced the mechanism through which regional deprivation and individual variables affect infant death. Several articles demonstrated that individual variables strongly influence infant mortality. Glinianaia et al. (30) demonstrated that very low baby weight ( < 1,500 g) and extremely preterm delivery ( < 28 weeks) are strongly associated with infant mortality. Our study demonstrated that parental education and occupation variables influence infant mortality. We deduced that a low level of education and manual occupation influenced infant mortality through low income and unmet material needs. More research is needed to determine whether there is a causal relationship between regional deprivation and infant death.
In Table 2 , we found that excess infant mortality rate was unequally represented throughout the county. We deduced that the differences in the average economic status, accessibility of the regional health care system, population structure and types of occupation between the metropolitan and local provinces resulted in the differences in infant death.
To reduce the differences in health problems such as infant deaths according to regional deprivation, policy should be established with consideration of more deprived areas and people. A regional perinatal care system and emergency medical system should be adequately established in more deprived regions. A monitoring and surveillance system for high-risk people should be adequately operated in more deprived regions. In particular, pregnant women and neonates in more deprived regions should be cared for and supported by government and regional administrations. In addition, the low accessibility of the medical care system in more deprived regions should be improved through the establishment of community health centers. To reduce differences in health problems across regions, regional deprivation should be considered.
We conducted PCA to construct the regional deprivation index. PCA methods were used to convert originally correlated variables into uncorrelated variables that were linear combinations with the original variables by different weighting. The wei-http://dx.doi.org/10.3346/jkms.2016.31. 4.568 ghting was determined by a statistical method based on the data. The Carstairs and Townsend indices were constructed by averaging each of four variables by the same weighting.
Several articles used PCA to construct deprivation indices worldwide. Havard et al. (12) constructed a deprivation index using the PCA method. The internal validity of their index was evaluated with Cronbach's alpha (0.92). Convergent validity was evaluated by performing a Pearson's correlation of their index and the Carstairs index (0.96, P < 0.01) (12) . The findings of this study are similar to our results. In our study, the Cronbach's alpha of the K index was 0.973, and the Pearson's correlation between the K and Carstairs indices was 0.716 (P < 0.001). However, our Pearson's correlation coefficient value was slightly lower than that in the study of Havard et al. (12) .
Our study has a limitation that relates to the possible instability in the birth cohort data. We found that births from 2005 to 2008 sharply increased compared with births in previous years. By performing a detailed analysis, we found that some cases had missing values for parental socioeconomic variables. Consequently, those cases were deleted (25,885 cases, 0.33%). Compared with the official results from the Korean National Statistics Office, infant deaths were under-reported in the birth cohort data. Despite these disadvantages, data on fourteen years of birth cohorts (7,784,804 cases) from Korea are uniquely valuable. Therefore, we conducted our study using these data.
In future studies, new and more suitable deprivation indices should be developed for the Korean context. Relatively stable and recent birth cohort data should be analyzed. In addition, by using a newly developed deprivation index, we can evaluate the possible association between disease and deprivation.
